The adsorption behavior of oxygen and iodine on a Cs-precovered Pt(111) surface is studied with Low Energy Electron Diffraction (LEED), thermal desorption spectroscopy (TDS) and work function measurements. TDS shows multiple oxygen desorption states that depend on Cs coverage, with both atomic and molecular oxygen desorbing from the surface. Cs is stabilized by oxygen relative to Cs on Pt(111), and most is retained on the surface until the last oxygen desorbs. Atomic arrangements are proposed for two (4 × 4)-Cs,O structures observed by LEED, and these are similar to Cs,I structures with ionic character. At the highest oxygen and Cs coverages, there is evidence for a molecular oxygen state above room temperature. Dosing iodine on Pt(111)-Cs,O results in substitution of O by I in Cs,O islands. Oxygen adsorption on a Cs-saturated Cs monolayer at 295 K causes an initial work function decrease consistent with underlayer adsorption, i.e., with O adsorption below the plane of the Cs atoms. This feature is absent for adsorption on the lower-coverage Pt(111)(2 × 2)-Cs surface.
Introduction
Coadsorption of alkali metals and small molecules on single-crystal transitionmetal surfaces are important model systems to understand the nature of adsorption and interactions between adsorbates, and they have been well studied [1] [2] [3] . As electropositive adsorbates, electron transfer to the surface is significant, or there can be electron transfer to electronegative adsorbates, which leads to the interesting possibility of ionic layers. Our work on Cs-modified Pt(111) identified a strongly-bound low-coverage state of Cs + that directly desorbs as the ion [4] , and the interaction of this and higher coverage Cs with iodine showed evidence for ionic layers [5] . According to Wang et al. [6] , only a few hexagonal arrangements are favorable for planar ionic layers on (111) surfaces, and our LEED studies of the Cs-I coadsorption system found such structures. Here we study another electropositive-electronegative coadsorption system, Pt(111)-Cs,O using the Ultra-High Vacuum (UHV) methods of Low Energy Electron Diffraction (LEED), Thermal Desorption Spectroscopy (TDS) and work function (WF) measurements. We compare the Cs-O system with the Cs-I system, and find similar (4 × 4) structures, suggesting that this structure is common for ionic systems.The coadsorption of all three adsorbates is also studied here.
There is other work on Pt(111)-alkali metal coadsorption, with O 2 [7] [8] [9] [10] [11] , CO [12] [13] [14] , CH 4 [15] and cyclic hydrocarbons [16] . However, the atomic arrangement and the bonding characteristics of the Cs-O system are not well understood. Multiple oxygen adsorption states are found to exist on the Pt(111)-Cs,O surface, and we discuss how the structures formed are influenced by the ionicity of the bonding. The strong stabilization of Cs on these Cs,O layers relative to Cs on clean Pt, and the possible presence of adsorbed molecular oxygen above room temperature may be significant in Cs-promoted catalysis.
Experimental
Experiments were performed in a stainless steel UHV chamber equipped with LEED optics (used also for Auger Electron Spectroscopy (AES)) and a Kelvin probe for work function measurements. A quadrupole mass spectrometer with a custom lock-in detection scheme [17] was used for TDS. The detailed experimental setup description can be found in [4] .
Crystals of 1 cm dia. from Metal Oxides and Crystals Ltd were polished with diamond paste (Buehler Ltd.) and then oriented by back-Laue diffraction to a (111) plane within 05
• . Aluminium oxide slurry (005 m) was used as a final polishing step.
Before each set of experiments, the crystal was cleaned by Ar + bombardment followed by annealing to 1150 K. The reactivity of the crystal surface can be affected by the presence of impurities such as silicon [18] . Therefore, the crystal was periodically annealed for 1 h at 1150 K in a 5 × 10 −7 mbar oxygen atmosphere to allow possible contaminants to segregate to the surface and form stable oxides, which were subsequently removed by Ar + bombardment [4] . Cs was dosed from a Cs dispenser (SAES Getters, Cs/NF/2.2/12 FT10+10) located 10 cm from the surface. Surfaces were considered insufficiently clean if the work function change to the minimum was less than 4 eV. A custom-built doser, based on a solid-state Ag 4 RbI 5 electrochemical cell, was used to dose iodine on the surface [19] . Oxygen was dosed by exposing the crystal to 1×10 −7 mbar of O 2 . Adsorption temperatures were 295±2 K unless otherwise specified. We observed no temperature-dependent variations in the work function or other data over this range. LEED patterns were taken with 10 nA beam current after cooling from the quoted preparation temperature to 100 K.
Coverages were obtained with AES. Peaks were normalized relative to the Pt peak at 237 eV and then compared to reference structures with known coverages. For Cs the reference structure was the saturated Cs structure Pt(111)()-Cs (incommensurate hexagonal close packed,  Cs = 041 ML); for I the reference structure was the saturated iodine structure Pt(111)(
• -I ( I = 043 ML) [20] [21] [22] [23] and for O, the reference structure was the saturated structure Pt(111)(2 × 2)-O ( O = 025) [24, 25] .
TD spectra were run at a heating rate of 5 K s −1 . The lock-in detection scheme is much more sensitive to positive ions leaving the surface than neutrals, which accounts for the enhanced signal for desorption of Cs + (anomalous Cs) at  1000 K in the spectra shown [4] .
Results

Adsorption of Cs and coadsorption with oxygen or iodine
The work function response for adsorption of Cs on Pt(111) at room temperature is similar to that of other alkali metal/transition metal adsorption systems [26] . The WF initially decreases by about 5 eV (Fig. 1) . The break in slope of the WF ("kink") occurring between about −18 to −3 eV has been previously assigned to the phase transition from the anomalous (Cs + ) to the normal (neutral Cs) adsorption state [4, 27] . After reaching a minimum, corresponding to the Pt(111)(2 × 2)-Cs structure ( Cs = 025) [4, 5, 14, 28 ], the WF increases and then levels off as the surface saturates. (After the Cs doser is turned off, the WF slightly decreases, e.g., after 650 s in Fig. 1 .) During the WF increase, the surface undergoes several phase transitions [4, 5, 14, 28] . The Pt(111)(2 × 2)-Cs changes to Pt(111)( √ 3 × √ 3)-Cs ( Cs = 033), which further evolves to the saturation incommensurate-hexagonal-close-packed structure, Pt(111)()-Cs ( Cs = 041).
Starting surface
Dose with WF change / eV • LEED pattern [5, 29, 30] . We will refer to these surfaces as Pt(111)(
• -Cs,I. In general the shapes of the WF curves for iodine and oxygen were similar, except that the initial decrease in WF for iodine on Pt(111)()-Cs was less pronounced, about 0.3 eV.
Desorption from Pt(111)-Cs,O
The desorption behavior is complex, with multiple oxygen desorption peaks that depend on the coverages of both oxygen and cesium. To simplify, the thermal desorption spectra are discussed for surfaces prepared by adding oxygen to only two Cs surfaces, the lower coverage Pt(111)(2 × 2)-Cs surface and then the saturation coverage Pt(111)()-Cs surface. For comparison purposes, the desorption of oxygen from oxygen-dosed Pt(111) is shown in the inset of Fig. 2 . Increasing doses of oxygen onto Pt(111)(2 × 2)-Cs produce surfaces with increasingly complicated TD spectra (Fig. 2) . The sharp increase in Cs desorption above 1000 K is the beginning of the peak for desorption of the last 015 ML of Cs, the anomalously-adsorbed Cs. The first point to note is that even at the lowest oxygen coverage (Fig. 2a) , the Cs is stabilized on the surface, desorbing above 780 K, in contrast to Cs adsorbed on Pt(111) where desorption begins at 600 K (or lower at higher Cs coverages) [4] . Cs desorbs only after the oxygen has been removed from the surface. All the oxygen desorbs as atoms at this coverage, in a series of merged desorption peaks. Assignment of the peaks is difficult, but the highest peak is some combination of the  and  peaks that are better resolved at higher coverages, e.g., Fig. 2b . Molecular oxygen is now seen desorbing from the surface in the region of both these peaks. For the saturated surface (Fig. 2c) , the  peak has gained a high-temprature shoulder, identified as the  peak. These are more clearly separate at higher Cs coverages (below), but even here the  peak correlates with the final O 2 desorption and there is no corresponding O 2 peak for the  O desorption peak. The last peak to appear is the  peak, and both it and the  peak are sharp on the saturated surface, with a similar O:O 2 peak height ratio.
The initial surfaces after O 2 dosing were disordered as judged by LEED, but ordered after heating and partial desorption. Heating to various temperatures between the sharp TDS peaks on the saturated surface, followed by LEED measurements after cooling to 100 K led to the patterns in Fig. 3 . The O desorption peaks have shifted to higher temperatures, and the  O peak is much higher relative to the  peak than previously. The  peak predominates at the lowest oxygen exposure, and it now has a sharp, nearly vertical drop of the type often seen in zero-order desorption peaks. (Instrument sensitivity was reduced for mass 16 in Fig. 4a to avoid overload, so the small mass 16 signal expected to accompany the mass 32 peak at 870 K is lost in the noise.) The  peak is now clearly separated from the  peak, and only the  peak has an accompanying O 2 desorption peak. It is evident in the sequence that the  desorption is of atomic oxygen.
At saturation (Fig. 4c) , the  and  peaks have sharpened and a new low-temperature peak has appeared at ca. 350 K. The latter peak has been previously identified as a molecular oxygen state on K-covered surfaces [8] and will not be discussed further. Its O:O 2 peak height ratio is similar to that of the  and  peaks, and the oxygen in the  and  states is evidently desorbing as molecular oxygen. The apparently larger ratio for the  peak in 4b can be explained if the  peak is only a small shoulder on the  peak. In contrast to the surfaces here, there is no molecular O 2 adsorption on clean Pt(111) surface above 150 K [31] [32] [33] [34] .
A fine structure (673 K) on the trailing edge of the  peak was seen consistently at saturation, but is too small to reliably characterize. The  O 2 peak at 820 K overlaps with the Cs desorption peak, and Cs and O 2 simultaneously desorb at this temperature with an apparent desorption energy of 215 kJ mol 
Iodine adsorption on Pt(111)-Cs,O
Iodine exposure to saturation on a Pt(111)-Cs,O layer prepared by exposing the Pt(111)()-Cs surface to O 2 (until no further change of the WF was observed, ca 13 × 10 −3 Pa s), leads to a further increase of the WF by 15 eV (Fig. 6) . AES showed the presence of O, I and Cs on the surface. The peaks for I and O in the AES spectra partially overlap, which makes coverage determination unreliable. If the I 2 and O 2 dosing order is reversed and O 2 is adsorbed on a Pt(111)(
• -Cs,I layer, no WF change is observed, i.e., the Pt(111)(
• -Cs,I layer is passivated towards O 2 adsorption. That is, the dosing order during the ternary layer preparation affects the resulting surface structure.
The TDS spectra from a Pt(111)-Cs,O,I layer are shown in Fig. 7 . Note that in general I shows little tendency for recombination; for example less than 3% of iodine desorbs from Pt(111)(
• -I as I 2 (mass 254) [30] . The I and Cs spectra resemble those from Pt(111)-Cs,I layers [5] . A sharp desorption peak of both Cs and I at 600 K is followed by a smaller broad peak with a maximum around 700 K. These peaks are not related to the I peaks from the Pt(111) surface [35] but indicate concerted removal of Cs and I. The TDS spectra of O 2 (mass 32) dramatically changes compared to the iodine-free Cs,O surface, where multiple peaks are found. Here only one peak with a maximum at 640 K is present, which is not aligned with either the Cs or I desorption peaks.
Exposure of the Pt(111)(
• -I surface to oxygen showed no WF change and no oxygen adsorption; there was no detectable desorption of O 2 or IO.
Discussion
Oxygen coadsorption with alkali metals on transition metal surfaces is important in catalysis and has been extensively studied. Even though some studies on Pt surfaces have been reported [7] [8] [9] [10] [11] , the bulk of the literature for group 10 transition metal substrates is for coadsorption on Ni surfaces [36] [37] [38] [39] [40] [41] [42] . To better understand the structure and bonding arrangements within a Pt(111)-Cs,O layer, we recapitulate what is already known about the coadsorption of alkali metals and oxygen on transition metal surfaces, focusing on the Pt(111) surface.
Studies of oxygen adsorption on Pt(111)-K at 300 K by Pirug et al. [11] using UPS and XPS found two consecutively filled oxygen adsorption states (A and B). The A state, appearing at lower O 2 doses, was assigned to a tightly bound K-O species. It was suggested that this molecule is likely not K 2 O due to the difference in position of the UPS peak relative to oxidized bulk K samples. The B peak, found at higher O 2 doses, was attributed to adsorption of O atoms on bare Pt between K-O islands. This assignment was based on changes in the Pt UPS peak intensity at 025 eV, which is characteristic for a clean surface. The coverage of oxygen on the potassium-free part of Pt(111) was calculated as  O = 11 or higher [11] . The existence of K-O species was suggested to promote the adsorption of O on the bare Pt surface.
Cassuto et al. [9] found the same A-state UPS peak in their study of O 2 adsorption on low-coverage Pt(111)-K. However, they suggested that this peak could be safely assigned to K 2 O because shifts around 2 − 3 eV are consistent with the bulk values. K 2 O can exist in the gas phase [8] , but the nature of the K-O interaction on a Pt surface is still unclear. The K 2 O stoichiometry is believed to be one of the few stable arrangements in ionic layers, and is important in understanding the formation of 2D ionic crystals [6] .
An XPS study by Ayyoob and Hedge [10] of Cs and K adsorption on a Pt()-O surface concluded that oxygen is predominantly dissociatively chemisorbed and not necessarily associated with any particular species such as superoxide (KO 2 ) or peroxide (K 2 O 2 ). In contrast, Riwan et al. [7] from an angular resolved UPS study of oxygen adsorption on a partially-covered Fig. 4) . That the characteristic shape of the TDS spectra is independent of the different size of the alkali metal atoms is evidence for the same bonding mechanism in both cases, and we use this as a guide for assigning structures.
Nature of the Pt(111)-Cs,O layers 4.1.1. Low-coverage oxygen state
In the initial stages of oxygen adsorption on Pt(111)()-Cs or Pt(111)(2× 2)-Cs, the oxygen desorbs as atomic oxygen in the  TDS peak (and  peak for low-coverage oxygen on Pt(111)(2 × 2)-Cs). This oxygen is strongly attractively interacting with the Cs, and stabilizes it, delaying its desorption to higher than 780 K. The initial work function decrease at the beginning of adsorption (Fig. 1) suggests that the oxygen in the  state likely adsorbs below the plane of the Cs atoms, at least at high Cs coverages, but caution is required in interpreting work function changes and we defer a more detailed examination of the work function behavior to Sec. 4.2. We identify the  state with the oxygen A adsorption state of Pirug et al. [11] , or the K 2 O species of Cassuto et al and Garfunkel et al. [8, 9] . A detailed model for thermal stabilization between oxygen and alkali metal atoms has been proposed by Albano [43] . The same stabilization effect is also seen for Pt(111)-Cs,I, which is another example of a surface layer with strong electrostatic interactions. Desorption of oxygen atoms in the  TDS peak initiates release of the Cs, and the last part of the oxygen and Cs desorb in the  peak (Fig. 4) . We propose that the oxygen desorbing in these two peaks originates with the same atomicoxygen adsorbed state and that the separation into two desorption features occurs dynamically as part of the thermal desorption process. The crowded conditions in the Cs-O layer and the strong Cs-O interaction slow the surface diffusion required for the recombination of oxygen atoms to molecular oxygen, and therefore it desorbs as atomic oxygen in the  peak. After a critical amount of oxygen is lost, the Cs,O layer reorganizes in a phase transition, as evidenced by zero-order shape of the  peak with its sharp trailing edge. In the reorganized layer with lower Cs coverage, O can more readily diffuse to recombination sites, likely vacant Pt sites, and desorb as molecular oxygen.
By comparison, low-coverage oxygen ( 025 ML) on Pt(111) above 150 K exists as atomic oxygen on the surface [25] . However, it recombines to molecular oxygen on desorption, with second-order desorption kinetics modified by a coverage-dependent activation energy [32] .
Pt(111)(4 × 4)−Cs,O structures
The LEED patterns are sharpest and the coverages most reliably measured for the structures formed by heating the surface prepared by dosing Pt(111)()-Cs with oxygen to saturation. The low oxygen-coverage (4 × 4) structure forms after heating to 750 K, before desorption of the  oxygen, and the high oxygen-coverage (4×4) structure forms after heating to 650 K, between the  and  peaks. Based on the expected ionicity of the Cs-O bond and the same (4 × 4) unit cell as found for the ionic Pt(111)(4 × 4)-Cs 2 I [5] and Pt(111)-K,O [8] , we propose that the honeycomb arrangement of Cs atoms within a (4 × 4) unit cell is the common structural motif in these systems, and that the coadsorbate oxygen atoms are located in the centers of the hexagons (Fig 8) . These ideal structures have Cs coverages of 616 = 038 close to the experi-mental coverage of Pt(111)()-Cs of 041 From our oxgen TDS spectra, we estimate that about 13 of the O coverage at saturation corresponds to each of ,  and  peaks (Fig. 4) . Given that the Cs:O ratio is 1:3.2 at saturation (from AES), ratios of 1:2 at 650 K and 1:1 at 750 K are reasonable. The same Cs:O ratios of 1:2 and 1:1 were also suggested as most probable on Pt()-Cs,O surfaces by Ayyoob at al. [10] . Therefore in our proposed arrangements, two (1:1 ratio) or four (1:2 ratio) O atoms, respectively, are located in the center of the hexagons. A unit cell geometry with negative charges located in the center of positively-charged hexagons was identified by Wang at al. [6] as one of the more stable arrangements for 2D ionic layers. If the bonding were more covalent, with more stringent local geometric requirements, the bonding of Cs to I, O and Pt would likely produce very different surface structures for each layer. A high packing density of O is reasonable, because adsorbed O is significantly smaller than adsorbed Cs, and it is well known that high O coverages of up to 29 ML can be prepared on Pt surfaces by various techniques [25, 44] .
The higher-coverage structure has oxygen in the  adsorption state and is better ordered (Fig. 5 ). An increase of the Cs-O and Cs-Pt bond polarization with increasing oxygen coverage is expected. Cs atoms will become more positive, which is in accordance with the observations from alkali-metal/oxygen/Ni surfaces [39, 40] . The  state desorbs as molecular oxygen, and the oxygen atoms in the proposed structure may be close enough for some bonding, but it may just be that the proximity of the atoms facilitates recombination.
Other structures
Additional oxygen on the Pt(111)()-Cs surface populates the  state. It is tempting to assign oxygen in the  adsorption state to atomic oxygen bound to the bare Pt surface between Cs,O islands (the high-coverage B state assigned by Pirug et al.), but we have no direct proof of this. This oxygen desorbs molecularly as would be consistent with adsorbed atomic oxygen desorbing from Pt(111), though the local environment is very different.
At the saturation coverage of oxygen, the oxygen desorbs at 350 K (Fig. 4c ) and is assigned to molecularly adsorbed oxygen, based on comparison with the analogous K system [8] . On Pt(111) without Cs, molecular oxygen is only found at temperatures below 150 K [25] . This represents a dramatic stabilization of molecular oxygen by Cs.
On the Pt(111)(2×2)-Cs,O surfaces with lower Cs coverage (025 ML), there is less stabilization of the Cs as evidenced by the lower desorption temperatures. There is also less strongly-interacting  oxygen relative to the  oxygen and this may be due to the freedom of oxygen to bond between Cs atoms in other configurations. This is also reflected in the absence of the initial work function decrease on oxygen adsorption, which suggests there is no longer a requirement for adsorption below the Cs atoms.
Work function changes and oxygen sublayer adsorption
Adsorption of strongly electronegative oxygen typically increases the work function, consistent with the surface dipoles comprising the electrical double layer having the negative charge on the oxygen atoms and the positive charge on the metal surface atoms. The simplest explanation of the initial WF decrease observed when O 2 is adsorbed on a Pt(111)()-Cs surface is therefore that the oxygen atom absorbs underneath the Cs atoms. However, the O does not need to be directly below the Cs. Similar to the case of the Rh(0001)(
• -Cs,O layer [45] , it is possible that O may be located in between Cs atoms but directly interacting with the substrate. Because O atoms are significantly smaller than Cs, the negatively charged O atoms can be located closer to the substrate than the positively-charged Cs, which is sufficient for the WF to decrease. We refer to this situation as sublayer adsorption, and the oxygen atom locations in the proposed Pt(111)(4 × 4)-Cs,O structures are compatible with it.
An initial WF decrease on oxygen adsorption has been observed for numerous oxygen/alkali metal/transition metal coadsorption systems ( [37, 46, 47] and references therein), but the mechanism is not well understood. Two competing adsorption models explaining this feature have been proposed, one by Rhead [46, 48] , and the other by Heskett et al. [47] .
For the Rhead model, the structure of the alkali metal layer is a key factor. If the local surface coverage of alkali metal is high enough, oxygen can adsorb under the alkali metal. The sublayer adsorption with negative charges on oxygen below positive charges on the alkali metal atoms explains the sharp initial work function decrease. Once all sub-layer adsorption sites have been occupied, oxygen starts to adsorb on other available sites located either in-plane or above the alkali metal, which causes the WF to increase. Two cases are considered. In type I, the high local alkali-metal coverage is achieved by clusters forming (induced or stabilized by oxygen) in an otherwise dispersed low-density phase. This leads to WF decreases upon oxygen adsorption at coverages well before the work function minimum at coverage  min-alkali . In type II, the high local alkali metal coverage is achieved by dense 2-D islands that nucleate above a critical coverage, which often coincides with  min-alkali .
Our oxygen adsorption on Pt(111)-Cs data can be suitably explained by the type II behavior (Fig. 1) . We assume that the (2×2) Cs structure is insufficiently dense for sublayer oxygen, but the higher-coverage Pt(111)(
• -Cs and Pt(111)()-Cs phases provide the densely packed Cs islands to accommodate sublayer oxygen that are required by the theory. The underlayer adsorption only begins after LEED shows the Pt(111)(
• -Cs phase, which is after the WF minimum.
The difference in work function adsorption behavior between Cs,I and Cs,O can be explained by the different size of adsorbed atoms. The radii of O − or O 2− ions are significantly less than for I − . Therefore, oxygen can move more easily through a Cs layer and fit better under the Cs than I -, which is similar in size to the the Cs + ions. The iodine cannot easily penetrate below a Cs layer and therefore the initial decrease of the WF is minimal. A more detailed discussion of planar versus bilayer ionic structures can be found in [5] .
The competing model by Heskett et al. [47, 49] explains the initial WF behavior in terms of increased polarization of alkali metal-Pt bonds. In the initial stages of oxygen adsorption, electronegative O polarizes the alkali metalPt bond through an induced electrostatic field and the WF decreases. The progression of induced WF change depends on the interplay between the WF increase due to the O-Pt dipole moment (opposite polarity of the alkali metal-Pt dipole) and the WF decrease due to the further polarization of alkali metal-Pt bonds. Sublayer adsorption is not a requirement in the model, which predicts a decrease in the WF for layers where O is in-plane with or above the alkali metal.
In the Heskett model, the re-polarization of Cs-Pt bond should occur independently of the O position in the unit cell (because it is a field effect). Our observation is that the initial WF decrease for oxygen adsorption on Pt(111)()-Cs is a thermally activated process. This is more likely for a significant structural arrangment such as for sublayer adsorption than for adsorption in a regular adsorption site, which is typically activationless. Accordingly, we favor the Rhead model over the Heskett model.
Iodine adsorption on Pt(111)-Cs,O
Dosing iodine on a Pt(111)-Cs,O layer causes the WF to increase without any initial decrease (Fig. 6 ). As discussed in section 4.2, this means that iodine adsorbs on or in the Cs,O layer, but not underneath it. From the WF measurement alone, it cannot be established if oxygen simultaneously desorbs during iodine adsorption. However, O 2 TDS spectra clearly show that a significant amount of oxygen is left on the surface after I 2 dosing (Fig. 7) . The LEED pattern from a Pt(111)-Cs,O,I surface is diffuse, showing the lack of long range order.
By comparing I TDS (mass 127) from Pt(111)-Cs,I,O with the I TDS from Pt(111)-Cs,I [5] , the bonding properties of iodine in the layer can be examined. The Cs and I signals from the Pt(111)-Cs,O,I layer resemble those from Pt(111)( √ 7 × √ 7)191
• -Cs,I with a characteristic sharp peak around 500 K. It is therefore concluded that most of the iodine is interacting with Cs in the layer; the oxygen presence does not influence I or Cs desorption, and the oxygen interacts only weakly with both Cs and I.
We suggest that the oxygen in the Pt(111)-Cs,I,O is bonded to the Pt substrate and is located between Cs,I islands. This suggestion is mainly based on the significant similarities between O 2 TDS spectra from Pt(111)-Cs,I,O and from Pt(111)-O at high coverage O ( O = 126) [25] . The spectrum of Weaver et al. [25] is similar to our measured spectrum, showing that O in the Cs,I,O layer most likely desorbs from dense islands of O which are not interacting with Cs,I. Similar surface structures for K,O and O islands were used to explain UPS experimental results by Pirug et al. [11] (Sec. 4). Adsorption between Cs,I islands was also observed for oxygen adsorption onto a Pt(111)(4×4)-Cs 2 I surface [5] .
However, other explanations are possible. Iodine could adsorb on top of the layer, effectively trapping the oxygen underneath. This would also result in a work function increase due to the iodine electronegativity. When the surface is heated, the Cs and I desorption at 500 K would allow oxygen originally trapped below the layer to leave the surface in the sharp peak resembling the desorption from Pt(111)-O surface. This mechanism could also lead to the TDS spectrum in Fig. 6 .
Conclusions
Coadsorption of oxygen and Cs on Pt(111) results in complex structures, in which oxygen stabilizes Cs on the surface. The initially-adsorbed oxygen at higher Cs coverages is associated with a decrease in work function which is associated with sublayer adsorption. Cs,O structures show a (4 × 4) unit cell in common with the Cs,I and K,O coadsorption systems and thermal desorption spectra are similar to those for K,O, which suggests that ionic aspects of these systems determine the structures. A honeycomb arrangement of Cs atoms is proposed, in which the oxygen atoms fill the centres of the hexagons. At the highest Cs and O coverages studied here, molecular oxygen is found on the surface, even above room temperature.
For iodine adsorption on Pt(111)-Cs,O, we suggest that because iodine interacts more strongly with cesium than oxygen, oxygen is replaced by I in the Cs,O layer. The resulting surface consists of Cs,I islands with oxygen adsorbed in between these islands. Oxygen desorption is not affected by the presence of the coadsorbed Cs,I islands.
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